Massive Cu-Zn-Fe sulfide deposits appear to be replacements or syngenetic sediments related to submarine volcanism. Undisturbed kuroko deposits or moderately deformed and metamorphosed orebodies like those of the Noranda district may be considered as models. 
Introduction
TIlE present study concerns ores accumulated in a submarine environment in tectonically active regions. It deals with two general types of deposits: those massive sulfide bodies, commonly lenticular, formed at or very close to submarine volcanic centers, and those formed in protected marine areas as syngenetic, sedimentary, stratiform deposits. For tectonic purposes the distinction between ores clearly related to volcanic activity around specific vents and those which are more widely developed as sediments on some protected sea floor must be made. The former type is initially irregular in shape and surrounded by a diversity of rock and alteration products of different physical properties. Because of such diversity, extreme local structural complexity could eventually result during later deformation. The latter type is a sedimentary rock unit, blanket-like, with little or no accompanying alteration, and susceptible to the structural complications normally developed in stratified rocks of contrasting physical properties during a tectonic episode.
Although the environment of deposition and original geomentry of slightly or moderately deformed ores can be determined with some certainty, stronger deformation and metamorphism make the restoration increasingly difficult. The only method that will x Modification of paper presented at the 16th Lake Superior Geological Institute, Lakehead University, Thunder Bay, Ontario, May 7, 1970. Contribution No. 100, Department of Geology, University of Cincinnati. establish proof of original spatial relations of a massive sulfide deposit in spite of a screen of advanced deformation and metamorphism is painstaking structural analysis, mostly in the field. The most careful geophysical and geochemical studies should not be expected to unravel the convolutions of high grade metamorphic rocks.
The purpose of this paper is to show that some mechanisms which have been widely accepted as active in strongly deformed geosynclines should be more seriously considered in establishing the origin and history of massive sulfide deposits than has been apparent to this time.
Massive Submarine Sulfide Deposits Essentially in Original Position

Kuroko Ores
The best known submarine massive sulfide ores which have undergone very little deformation are the Miocene kuroko deposits of northern Honshu, Japan (Matsukuma and Horikoshi, 1970 (Boldy, 1968) resembles the kuroko deposits (Fig. 1) It seems safe to assume that the whole rock unit suffered distortion at least as great as that of the pebbles.
In similar manner, the orebodies of the Chihara Mine appear to have been molded to their present rod-like shape during one of several tectonic events which affected the area. In order to be so shaped they were transported an unknown but considerable distance from their original location, in one or more stages, and subjected to high grade metamorphism. The main, early, now steeply plunging isoclinal fold which affected the Besshi ore deposit has its axial plane parallel to bedding. According to Hide the ratio of wavelength to amplitude produced at this time is 1: 100. Ores and enclosing metamorphic rocks were then subjected to a latter folding of considerably larger amplitude and wave-length, with a N 60 ø W trend. The ore bed was thus isoclinally folded, then refolded. Larger, and locally richer orebodies occur where two limbs of the ore layer are tightly pressed together. The ore bed was interpreted by Hide as "derived from a single stratum of ore deposited on the floor of the geosyncline, then folded isoclinally during tectogenesis and metamorphism" (1961, abstract, p. 1).
How much displacement or transport took place during the first isoclinal folding event cannot be determined. Considering the amplitude of the folds, however, we may assume that each segment of the folded orebody has moved at least one kilometer, and that the summation of major and minor movements at the time of first folding may have been of the order of five kilometers. It may be noted that the Besshi-type ores are not far south of the Median Tectonic Line, a major fault of large displacement separating distinctively different metamorphic terranes. To the north is the Ryoke metamorphic terrane, essentially barren of ores, with abundant synkinematic granites and associated metamorphic rocks (Miyashiro, 1961 (Fig. 4A) are potential loci of sulfide sedimentation (perhaps like that of the Red Sea). As uplift continues to the right and subsidence and renewed sedimentation go on to the left, a condition of instability is reached (Fig. 4B) . Volcanic piles rest on and are covered by poorly consolidated sediments. The whole is a weak system susceptible to turbidity currents, detachment, and gravity sliding. As postulated earlier, both volcanic masses and intervening sediments may thus be transported appreciable distances in a more or less horizontal direction (Fig. 4C) . The whole would come to rest in a subsiding basin, producing, in this example, a series of recumbent isoclinal folds with basal glide planes essentially parallel to axial planes of the folds and also to most bedding planes. Stauffer (1968) . However, a prior ncessity where a strong second folding is imposed on sequences some of which were inverted, duplicated, or cut out by gravity sliding is the field recognition and study of structural and stratigraphic irregularities developed during the period of sliding. Although it is suspected that the complexity of some massive sulfide deposits in metamorphic terranes is largely due to events such as those postulated here, proof must await much more, and more detailed, study. Difficult and time consuming as it is, such study is more amenable to satisfactory analysis and eventual proof than the vague theories of deep hydrothermal replacement so long in vogue. The analysis must be directed not only toward the meticulous collection and assessment of structural detail, but also to an eventual understanding of the geologic history of the region as a whole.
